Vitamin D deficiency is extremely frequent in chronic kidney disease (CKD) and is associated with erythropoietin hypo-responsiveness. Hepcidin, the primary regulator of iron homeostasis, may play a critical role in the response of patients with anemia to iron and erythropoiesis-stimulating agent therapy; however, the participation of hepcidin to anemia in hemodialysis (HD) patients had not been completely characterized. To evaluate the relationship between serum hepcidin, indicators of anemia, iron status, inflammation and 25-hydroxy vitamin D (25-OH D) levels in children with CKD on HD and the impact of vitamin D therapy on these parameters. This analytical case-control, a double-center study was carried out on CKD patients attending the Nephrology Unit of the pediatric department at Benha and El Menofeya University Hospitals. Participants were classified into two groups: Group I Forty patients with end-stage kidney disease (ESKD) on HD. Group II Thirty healthy children of matched age and sex were included as a control group. All participants were subjected to full medical history, thorough clinical examination and laboratory evaluation in the form of complete blood count (CBC), kidney functions, liver functions, IL-6, serum levels of iron, ferritin, hepcidin and 25-OH D levels by ELISA. All patients received ergocalciferol as intensive replacement therapy depending on baseline 25-OH D levels for 3 months followed by maintenance therapy. Pre-treatment levels of study parameters were significantly disturbed compared to control measures. Hepcidin was significantly increased in pediatric HD patients (272.7±152.6 ng/ml) when compared with their respective control subjects (39.1±21.8 ng/ml). A significant positive correlation was demonstrated between serum hepcidin levels and both IL-6 and serum ferritin, while a significant negative correlation was revealed between serum hepcidin and, Hb, serum 25-OH D and iron. Post-treatment with ergocalciferol, the serum ferritin, hepcidin and IL-6 levels were significantly decreased, while Hb level and Hct value were significantly increased compared to pretreatment levels. These findings suggest that hepcidin may mediate the negative effects on both disordered iron metabolism and erythropoiesis in HD patients and that Ergocalciferol could be used therapeutically to reduce hepcidin concentrations and thereby improve erythropoiesis-stimulating agent responsiveness and reduce inflammatory mediators.
INTRODUCTION
Anemia is a common complication in the maintenance of hemodialysis patients and contributes to reduced quality of life (Eleftheriadis et al., 2009 ). Erythropoiesisstimulating agents (ESA), such as recombinant human erythropoietin (EPO) have allowed effective treatment of anemia in patients with chronic kidney disease (CKD). However, the optimal target level of hemoglobin is debated and many patients are resistant to ESA (Swinkels and Wetzels 2008) . Iron deficiency is a frequent cause of EPO resistance. Defining an irondeficient state in maintenance haemodialysis patients is, however, more complex than in the general population and, to date, no reliable marker of iron status has been agreed (Weiss et al., 2009) . Hepcidin is a low-molecularweight protein that plays an important role in iron metabolism. (Swinkels and Wetzels 2008) Hepcidin is produced primarily by hepatocytes, and also by other cells, including macrophages. In addition to hepcidin's antimicrobial properties, it is the main regulator of iron metabolism and controls both the amount of dietary iron absorbed in the duodenum and the iron release by reticuloendothelial cells (Tsuchiya and Kther 2013) . Hepcidin binds to the major cellular iron exporter ferroportin, causing its internalization (Nemeth et al., 2004b) . This, in turn, prevents internal iron absorption as well as iron release from the liver and the reticuloendothelial system (Nemeth et al., 2004a and Vokurka et al., 2006) . There are four main active regulation pathways (erythroid, iron store, inflammatory and hypoxia-mediated regulation) that control hepcidin production through different signaling pathways. These pathways must be closely coordinated to match iron supply to erythropoietic demand and, in turn, to maintain adequate plasma iron concentrations (Piperno et al., 2009) . Bacchetta and coworkers (2014) found a direct transcriptional suppression of hepcidin gene (HAMP) expression mediated by 1,25-dihydroxyvitamin D binding to the vitamin D receptor caused the decrease in hepcidin mRNA levels. Suppression of HAMP expression was associated with a concomitant increase in expression of the cellular target for hepcidin, ferroportin protein, and decreased expression of the intracellular iron marker ferritin. (Bacchetta et al., 2014) .
Iron balance is tightly linked to inflammation and it has been demonstrated that many proteins involved in cellular iron management are up-or down-regulated by inflammatory stimuli, ultimately leading to iron retention in the reticuloendothelial system as evidenced in vitro by incubation of monocytes/ macrophages with lactoferrin prevents the lipo-polysaccharide (LPS) -induced decrease of ferroportin by reducing secretion of IL-6 (Cutone et al., 2014) . In previous studies, Ashby and his colleagues, (2009) demonstrated an inverse correlation between serum hepcidin and GFR in adults with CKD, with serum hepcidin levels being highest in dialysisdependent patients (Ashby et al., 2009 ). In addition Zaritsky and his associate (2009) using multivariate analysis, they found that hepcidin levels correlated with markers of iron status and inflammation. Although parenteral iron supplementation can bypass some of the iron-blocking effects of hepcidin in CKD patients with anemia, and free iron and iron stores increase, as a result, the anemia is only partially corrected, and the ESA dose requirements remain significantly higher than needed for physiological replacement (Tsuchiya and Nitta 2013) . Vitamin D insufficiency is common in patients with chronic kidney disease (CKD) (Mallbris et al., 2002) , with a prevalence rate of up to 80% of all patients with CKD stage 3 or worse (LaClair et al., 2005) . Optimal vitamin D status is important in patients with CKD to regulate parathyroid hormone (PTH) concentrations (Chandra et al., 2008 , Alvarez et al., 2012 and Wasse et al., 2014 for optimal bone health and prevention of osteomalacia and for potential cardioprotective effects (Ullah et al., 2010 , Judd et al., 2011 and Alvarez et al., 2012 . Recent reports have established an association between vitamin D insufficiency and anemia in patients with CKD (Carvalho et al., 2011 , Perlstein et al., 2011 and Icardi et al., 2013 ; however, the role for vitamin D in the regulation of anemia has not been fully explained. Additionally, reduced kidney function likely prevents efficient hepcidin clearance from the plasma (Carvalho et al., 2011, Tsuchiya and Nitta 2013) .
Treatment with agents that lower serum hepcidin levels or inhibit its actions may be an effective strategy for restoring normal iron homeostasis and improving anemia in CKD patients (Tsuchiya and Nitta 2013) .
The purpose of this study was to evaluate the relationship between serum hepcidin, estimated blood indices, Iron status,IL-6 and 25-OH D levels in pediatric patients on regular HD and the impact of vitamin D supplemental therapy on these parameters.
SUBJECTS AND METHODS
This study was carried out on CKD patients attending the Nephrology Unit of the pediatric department at Benha and EL-Menofeya University Hospitals from January 2013 to June 2014. Participants were classified into two groups: Group I included 40 patients on HD, 21 males and 19 females, and their age ranged from 8.6 to 18 years. Dialysis was performed by Fresenius 2008K machines and hollow fiber polysulfone dialyzers (Fresenius, Bad Homburg, Germany) using the standard citrate dialysate solution. The dialysis prescription was as follows: Three times a week, 3-5 hours per session, blood flow 300mL/min, with urea reduction ratio URR >65%. Group II included 30 age and sex matched healthy children, 16 males and 14 females, and their age ranged from 8 to 16 years as a control group.
All participants were subjected to full medical history regarding the age of onset of ESKD, etiology and duration of their disease, duration of dialysis, age at which dialysis began, CKD-underlying pathology, history of drug administration either in the form of iron therapy or chelation, the need of repeated blood transfusion and the dose of administered recombinant human erythropoietin (rHEPO). Thorough clinical examination as regards anthropometric measures, pallor, organomegaly.
Patients with the following were excluded from the study: previously diagnosed non-renal cause of anemia other than iron deficiency, evidence of active or occult bleeding, blood transfusion within the past 4 months, history of malignancy, end-stage liver disease, or chronic hypoxia and recent hospitalization or infection that required antibiotics within the past 4weeks, preexisting hyperparathyroidism, co-morbid conditions that may interfere with the absorption or metabolism of ergocalciferol such as malabsorption syndromes and use of glucocorticoids or anticonvulsant therapy. Patients who were receiving recombinant erythropoietin (rhEPO) and iron supplementation were enrolled provided that the dosages of each had been stable for at least 4 weeks. All rhEPO supplements were in the form of recombinant epoetin alfa (Amgen). Parenteral iron supplementation was withheld for 1 week before the measurement of hepcidin.
After approval of the study protocol by the Local, Ethical Committee and obtaining parents' written fully informed consent.
Ergocalciferol was prescribed according to the KDOQI clinical practice guidelines for nutrition in CKD (Zughaier et al., 2014) as an intensive replacement therapy depending on baseline 25-OH D levels for 3 months followed by maintenance therapy. Children older than one year with a baseline 25-OH D level in the range of 40-75 nmol/L was given 1 ml (2000 IU/day), children with baseline 25-OH D in the range of 12.5-40 nmol/L were given 2 ml (4000 IU/day) and children with baseline 25-OH D <12.5 nmol/L were given 4 ml (8000 IU/day) as intensive replacement therapy for 3 months. At the end of 3-months course baseline investigations were repeated. Thereafter, children were given 1 ml (2000 IU) daily as a maintenance therapy.
Laboratory investigations
Sampling -Five ml of venous blood samples were taken at baseline (pre-treatment) and at the end of treatment. Each blood sample was rapidly and gently divided into 2 tubes. The first one contains 2 ml with anti-coagulant (EDTA) for complete blood count. The second tube was plain tube. Serum was separated and divided into 2 aliquots:  The 1 st was placed in pyrogen-free Eppendorf tubes and stored at -70°C until assayed for estimation of serum 25-OH D, hepcidin and IL-6.  The 2 nd was used for estimation of serum urea, Abdelhady et al. 017
creatinine, iron and ferritin. Estimated glomerular filtration rate (eGFR) was calculated by the modification of Diet in Renal Disease equation (Wan et al., 2012) 
Statistical Analysis
Study variables were summarized using mean and SD. Because of its non-normal distribution, hepcidin values were presented as medians and means. The differences in biochemical and HD clearance measurements between patient groups were compared using the MannWhitney rank sum test for non-parametric continuous data or independent t test for parametric data. For univariate and multivariate analysis, log transformation was applied to variables with non-normal distribution. Univariate correlations between biochemical measurements and hepcidin were calculated using the Pearson correlation test. All tests are two-sided with significance level of 0.05, and all analyses were performed using SAS statistical software (SAS Institute).
RESULTS
The study was conducted in 40 maintenance HD patients (21 males and 19 females; mean ± SD of age was 8.67± 4.09years). All patients were maintained on HD since a mean duration of 3.4±1.4; range: 1-6 years and their mean eGFR was 8.4±2.2; range: 10.2-7.2 ml/min/1.73m 2 . Thirty age-matched healthy control subjects (16 males and 14 females; mean ± SD of age was 8.52±3.86 years). There was a statistically significant decreasing difference between cases and control, as regards to some demographic characteristics; body weight, height and BMI; (P< 0.05).
Baseline levels of study parameters were significantly disturbed in children on regular hemodialysis therapy compared with healthy controls and this was manifested as disturbed iron indices with significantly lower Hb conc., MCV, MCH, MCHC, Hct value and serum iron levels, while serum ferritin levels were significantly higher in comparison to healthy controls. Moreover, pre-treatment serum levels of inflammatory mediators; hepcidin and IL-6 were significantly higher in children on regular hemodialysis therapy compared to control children. However, serum 25-OH D levels were significantly lower in HD patients compared to control children (table 1) This study revealed positive significant correlations between serum 25-OH vitamin D and Hb concentration and ferritine and negative significant correlations with serum iron and hepcidin. Also, revealed positive significant correlations between serum hepcidin and serum iron, IL-6 and ferritine, while showed a negative significant correlation with Hb conc (Table 2 ).
The applied treatment policy significantly improved iron indices manifested as significantly lower posttreatment ferritin levels compared to pre-treatment levels, non-significant increase of serum iron, but significant increase of Hb conc. and Ht value. Moreover, posttreatment levels of hepcidin and IL-6 were significantly lower compared to pre-treatment levels. Concerning serum 25-OH D levels, the applied therapeutic regimen increased its level, despite being non-significant, (table  3) .
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DISCUSSION
Anemia is common in patients with renal insufficiency. EPO deficiency is by far the major cause, although shortened erythrocyte survival due to haemolysis, bleeding and oxidative stress may contribute. Most patients with CKD and anemia can be effectively treated with ESA. However, 10% of the patients are hypo-or non-responsive to ESA. Several cohort studies have reported an association between higher doses of ESA and mortality (Zhang et al., 2004 and Kaysen et al., 2006) . Identification of these ESA-resistant patients is thus pivotal in the proper management of anemia in patients with CKD. Iron deficiency contributes to ESA resistance. Indeed, adequate iron availability is critical in HD patients, since it appears to influence the response to recombinant erythropoietin (EPO), the mainstay of treatment of anemia in this condition (Hamada and Fukagawa 2009) . Hepcidin has been objecting of intense investigation as a potential biomarker of iron status in patients with CKD (Campostrini et al., 2010) . In HD patients, various factors may modulate serum hepcidin levels with opposing influence (Hamada and Fukagawa 2009) .
For example, hepcidin may increase because of reduced glomerular filtration, iron therapy, and inflammation, with interleukin-6 as a well-known stimulus for its production (Nemeth et al., 2004b, Malyszko and Mysliwiec 2007) . On the other hand, hepcidin may be reduced by hypoxia, iron deficiency and EPO therapy by itself (Robach et al., 2009) .
Thus, in the setting of CKD, increased serum hepcidin and the resulting iron restriction could play a major role in disordered iron homeostasis and resistance to erythropoiesis-stimulating agents (ESA) (Zaritskyt et al., 2010) . The removal of hepcidin via hemodialysis (HD) has been demonstrated in adult patients using mass spectrometry (MS) -based assays, with varying degrees of efficacy seen (Peters et al., 2009 and Weiss et al., 2009) . Definitive resolution of this issue is needed, because increased removal of hepcidin by intensified HD could provide a much needed therapeutic intervention in cases of functional iron deficiency by relieving reticuloendothelial blockade as a result of inflammationinduced hepcidin overproduction. The improvement in ESA responsiveness reported in prolonged dialysis regimens supports the potential utility of this intervention (Ting et al., 2003 and Schwartz et al., 2005) . Based on the role of hepcidin in iron metabolism and anemia
In human cells, the suppression of HAMP expression by 1,25D or 25D appears to be due to direct inhibition of HAMP transcription, the effects of vitamin D in suppressing hepcidin and promoting ferroportin are consistent with its established intracellular antibacterial activity. Therefore, regulation of the hepcidin-ferroportin axis is another key facet of vitamin D-mediated innate immune function, complementary to its reported effects on antibacterial proteins and autophagy. (Bacchetta, et al., 2014) In this study, we found that most of our pediatric patients undergoing regular HD have marked growth retardation as regard weight and height centiles for their age. Our results were in agreement with Tom and his collegues (1999) who reported that growth retardation is an important squeal of childhood end stage renal disease. There was a highly significant reduction in hemoglobin, hematocrit and serum iron levels in the studied diseased group in comparison with the control group. Our results were similar to Youssef and coworkers (2012) as they found a highly significant reduction in serum iron levels in cases compared to control group. While in our study there was a highly significant rise in serum ferritin levels in the studied diseased group in comparison with the control group. These data are consistent with the study by Costa et al., (2009) who showed a significant rise in serum ferritin levels in HD patients to 334.0 mg/ml (174.0-462.9). Also, KalantarZadeh and his associates (2001) in a study on 83 patients, found a significant rise in the serum ferritin levels with a mean concentration of 831 ng/ml and P = 0.03, which was significant. These data indicated poor utilization of iron taken, despite its storage in the body.
Contrary to our study Rafi and his associates (2007) showed lower levels of serum ferritin in the 19 HD patients, mostly because of proper iron chelation therapy and better patient compliance. In addition to the usual rational of anemia in CKD patients, many of our patients are not on the proper dose of erythropoietin hormone due its high cost, which is not covered by the insurance system, and therefore, they were exposed to frequent blood transfusions due to longer duration of dialysis because of lack of availability of kidney transplantation. Our results were in agreement with Young and Zaritsky, (2009) Who reported detailed quantitative measurements of serum hepcidin levels in pediatric patients on regular haemodialysis and found that hepcidin levels were elevated several folds in HD patients, suggesting that hepcidin production is severely altered in CKD. The data of Tomosugi et al., (2008) also indicated that hepcidin-25 levels were approximately two to three folds higher in the patients than in controls. Ashby et al., (2009) and Zaritsky et al., (2009) also observed a gradual increase of hepcidin across the spectrum of predialysis CKD, suggesting that, hepcidin may increase because of reduced glomerular filtration, iron therapy, and inflammation, with interleukin-6 as a well-known stimulus for its production.
The current study detected only 3 of studied CKD children had normal serum 25-OH D with median level of 62 nmol/L while 37 patients had deficient serum level of 25-OH D with median level of 35.5 nmol/l, we found positive significant correlations between serum 25-OH vitamin D and Hb concentration and ferritine and negative significant correlations with serum iron and hepcidin.
In line with these findings, Kalkwarf and his collegues (2012) found that nearly half of patients ages 5-21 with kidney disease stages 2-5 were 25-OH D deficient (<20 ng/ml) and the risk of deficiency was significantly greater in advanced disease, 25-OH D levels were inversely related to those of inflammatory markers CRP and IL-6 and concluded that lower 25-OH D may contribute to hyperparathyroidism, inflammation, in children and adolescents, especially those with advanced kidney disease. Satirapoj and coworkers (2013) found that the mean 25-OH D levels were significantly lower, according to severity of renal impairment with the prevalence of vitamin D deficiency/insufficiency was from CKD stage 3a, 3b, 4 to 5, 66.6%, 70.9%, 74.6%, and 84.7% respectively and the odds ratio of vitamin D insufficiency and vitamin D deficiency in developing ESRD, were 2.19 and 16.76, respectively. Denburg and his associates (2013) reported that children with CKD exhibit altered vitamin D metabolism and the concentrations of all vitamin D metabolites were significantly lower with more advanced CKD. Cho et al., (2013) found a high prevalence of 25-OH D deficiency and insufficiency in children on chronic dialysis and serum 25-OH D was associated with residual renal function in children on PD. Ernst et al., (2015) reported that Patients with 25-OH D values <30 nmol/l and 1,25(OH)2D values <40 pmol/l had the highest risk for anemia, whereas the risk was lowest in patients with adequate 25-OH D levels (50-125 nmol/l) and 1,25(OH)2D levels above 70 pmol/l. In patients with deficient 25OHD levels (<30 nmol/l) mean Hb concentrations were 0.5 g/dl lower than in patients with adequate 25OHD levels (50.0-125 nmol/l; P<0.001). Regarding 1,25(OH)2D, mean Hb concentrations were 1.2 g/dl lower in the lowest 1,25(OH)2D category (<40 pmol/l) than in the highest 1,25 (OH) 2D category (>70 pmol/l; P<0.001).
In this study, there were positive significant correlations between serum hepcidin and serum iron and ferritine, (P < 0.001) while there was a negative significant correlation with Hb conc. Our results were in agreement with Tomosugi et al., (2003) and Kato et al., (2008) they found positive correlation between ferritin and hepcidin in HD patients. Also, Nemeth and coworkers, (2003) previously observing this correlation in populations without CKD and this likely reflects the known regulation of hepcidin by iron stores. Hepcidin may be negatively associated with hemoglobin in CKD patients because, hepcidin inhibits iron absorption from enterocytes and iron recycling from macrophages, leading to limited iron availability for erythropoiesis. In contrast Ashby et al., (2009) using radioimmunoassay, did not observe this correlation in adult HD patients, although target-driven intravenous iron therapy may have confounded those results.
In the present study, there was a significant positive correlation between serum hepcidin and IL-6 (P < 0.001). Our results are in agreement with Zaritsky and collegues (2013) whose provide a relationship between both variables through all stages of CKD, in their pediatric patients using univariate analysis and they found, a positive correlation between hepcidin and hsCRP. Ashby et al., (2009) and Weiss et al., (2009) , most groups have found hepcidin levels directly correlate with serum ferritin, and some report a correlation with C-reactive protein.
Hepcidin may contribute indirectly to host defense by reducing iron concentrations. Since iron is required for microbial growth, low iron levels are thought to be bacteriostatic. Hepcidin has also been found to modulate lipopolysaccharide-induced transcription in cultured macrophages and in vivo mouse models. De Domenico et al., (2010) , suggesting that hepcidin plays a role in modulating acute inflammatory responses to bacterial infections.
Estimated levels of study parameters after ergocalciferol therapy showed significantly lower serum hepcidin and IL-6 levels with significantly higher Hb concentration compared to pre-treatment concentration. These findings go in hand with Izquierdo et al., (2012) who reported that treatment with selective vitamin D receptor activators (paricalcitol) significantly reduced serum levels of the inflammatory markers (CRP, TNF-α, IL-6 and IL-18) and serum level of anti-inflammatory cytokine IL-10 was increased and concluded that in renal patients undergoing hemodialysis, paricalcitol treatment significantly reduces oxidative stress and inflammation. Alvarez et al., (2012) studied 46 subjects with early CKD (stages 2 and 3) supplemented with oral cholecalciferol and found by 12 weeks, serum monocyte chemoattractant protein-1 (MCP-1) was significantly decreased in the treatment group compared to the placebo group and concluded that high-dose cholecalciferol decreased serum MCP-1 concentrations by 12 weeks in patients with early CKD. Rianthavorn and Boonyapapong (2013) found administration of ergocalciferol in conjunction with 1,25-dihydroxyvitamin D3 to children with CKD stage 5 and vitamin D insufficiency significantly reduced the required dose of erythrocyte-stimulating agent and may decrease erythropoietin resistance.
CONCLUSION
CKD patients showed significant disturbances in iron indices, inflammatory milieu and vitamin D metabolism and an independent inverse association between vitamin D status and anemia risk. The increased serum hepcidin levels found in pediatric patient on regular hemodialysis could play a major role in disordered iron homeostasis and resistance to ESA.
RECOMMENDATION
Ergocalciferol therapy significantly improved iron indices and ameliorated high inflammatory mediators serum levels. Hepcidin may in the future improve the targeting and timing of iron therapy by identifying patients during periods of reticuloendothelial blockage of iron transport, when they would likely not benefit from iron therapy. The end result of lowering hepcidin levels would be improved erythropoiesis and potentially decreased use and safer dosing of ESA and iron therapies. Administration of vitamin D or activated vitamin D (in case of chronic kidney disease) would be a promising strategy to prevent anemia.
